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ABSTRACT 

1. INTRODUCTION 

The  purpose of this  paper is t,o develop  c+ltarts tll:Lt, show 
the  means  and  deviations of the tmnu:d numbrr  of days 
with  measurable  precipit,ation for the contiguous  Unitetl 
States. I n  earlier work on t'hc problcm attcrnpts havc 
been  made  to  use  datu  from  the  substation  or  coopmtivc 
observer  net'work  t'llat the U.S. Wcathcr Burc:~u has op- 
crat'ed  throughout  its  existence. This network ('onsists, it1 
t,he  main, of unpaid  observers  equipped  with  non-recording 
rain  gages  and,  sonletirncs, other rnct~corological  irlstru- 
ments. Over 11,000 such  shtions, n~anncd by public- 
spirit'ed  citizens,  presently  provide supp1ernerlt:Lry \\--cat 1lc.r 

infornlation of incalculable  value  to  the  nation. How- 
ever,  the  earlier  work  using  data from this densc rlctwork 
revealed a bias  in the substation  prccipit'ntion day 
st'nt'istic. 

Thirty  years  ago  Arn~irlgton [ I ]  reportcd  that  count's of 
days  with  measurable  precipitation a t  cooperative  stations 
seemed  consistently  lower  in  all  part's of the  United  States 
than  comparable figures  for  first-order Weathcr Bureau 
stations.  This  was  contrary to his  expectations, and llc 
could  ofler no  explanation for it,. 

In 1953, during  t'hc  course of other work the writ'cr a r l d  

two co-workers encountered t'hc same bias,  although  it 
seems  likely that others must h a w  noticed  it  during the 
quarter-century  interim.  After  the 1921-52 averagcs for 

scvcral c1irn:rtological itcrlls w-cre plott'cd 011 base maps for 
South  Cuolina,  it b c c : a n l c  :rpp:rcnt that t'lle substutmiorl 
:tvcmLgc's of days ~v i t~h  0.01 inch or more did not fit thc 
rather. srllooth pattern formcd by tllc s t m e  statist'ic for 
first-order  stations. Furt'llcr, the  substation values  vcry 
I 'rquently tlis:lgrcecd, sometimes  violently,  with  those 
prirltcd for :m cwlicr  period  in  tllc 1930 edition of Bulletin 
IV [ 2 ] .  

A f'(\\v nrachirlc runs of pu11cl1ed data cards, which h ~ p -  
pcbncd to bc :Lvsilnhlc a t   that  time  for  several  Missouri 
st,:ltions  for a long rccorcl pcriotl,  scrvcd  to check t'his find- 
ing. rI'hc suhst~at~ion hias sccmetl to persist' from the 0.01- 
irlc:h or more tlmdlold t'hrougll  thc 0.02- and 0.08-inch 
thresl~olds, and began  to wcnkcn at  about' the 0.04-  or 
O.O!j-irlc.tl lcvcl. The fillit1 rc>sdt of this  little  study [3] 
:ippe:ws as t;tt)lc 1 in  which  t'he  bias fade shows fairly 
clearly,  except  that  the intcwnccliate 0.02- through 0.04- 
inch v d u e s  are not  given.  The rest of this earlier work is 
not) prcsentctl here 1)ec:Luse it  is 110 longer  available. How- 
cwr ,  tllc  substation  hias will bo discussed later in this 
p p e " .  

Thesc firdings  led to abarldoning  this  stat'istic for sub- 
stations, a n d ,  beginning  in 1954, to  substituting the 0.10- 
inch  tllrcshold for the 0.Ol-inch  threshold for subst'ations 
in currcnt  climatological  publications. The 0.01-inch 
tllresllold  was ret'aincd  only  for first-order stations. 

::1 
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TABLE 1.-Average annual   number o j  days with  precipitation 

(1918-1947) 

Missouri: 
Jackson .-... . ... 
Columbia*. ~. . . 
Mexico-.. . ~ ~.. . 
Macon.. . . . ...~ 
Marshall ......- 
Eldon -.--....-- 
Kansas Citv* ... 
Harrisonville- . . 

268.0 

26.7  30.0  33.4 37.7 42.0  46.4 51.8  58.8 67.0  78.2 90.2 274.8 
26.6 28.9  32.0 35.8 41.1 45.0 50.6 55.7  64.8 75.8  82.7  282.3 
24.8 27. 4 31. 1 34. 9 39. 7 44. 5  50.4 57.0 67.4 80.2  95.0 270.0 
28.2  31.1  34.1 37.6 41.9 48.0  54.0 61.0 71.6 8fi.9 101.6  2M.4 
25. 9 29. 1 3 2 . 3  36.0 40.4 45.6 51.6 58. 8 68.3 81.9  110.0 255.0 
3'2. 7 35.6 39.4 42.7 46. 8  52.7 58. 8 64. 9 73. 7 84.7 97.0 

272.3 92. 7  76.3 64. 2 56.2 49. 5 43.4 25. X 2% 0 31. 4 35.3  39.2 
261.5 23. x 26.4 29. 6 33.2 37. 0  40.5 45. 6 51. 6 60. s 75. o 103.5 

I ,  , , , , , # # , I .  

*First-order statinns. 

2. GAUSSIAN APPROXIMATION 

In  approaching  t,his  problem more recently,  the  writer 
postulated  a  Gaussian  distribut'ion  fit  to  the unbiasd 
annual  total  days  with 0.01 inch  or  more of precipitation 
for any one  station.  The  usual  curve  fitting mct'hods 
were  employed  and  the  not  unexpected  results showed the 
normal  curve  to be an excellent' approximation to  first- 
order  stat,ion  data.  Several  substations were inclutletl in 
the  t,ests  as a matter of curiosity,  and, alt,l-lough it was 
not  expected,  their dat,a proved  normally  distribut,ctl also ; 
the  means, of course,  were  low, but t'his  did not seem to 
disturb  the  Gaussian fit'. 

For this  paper, a first-order  station  network of 169 sta- 
tions  was  selected,  and  the  individual  annual 1929-58 total 
days  with 0.01 inch  or more of precipitation were cxtractctl 
to  provide  a  uniform 30-year record for all  but four sta- 
tions:  Alamosa,  Colo.,  1933-58;  Blue Ch-yon, Calif., 
1930-58; Butte,  Mont., 1929-30, 1932-58; Ast,oria, Orcg., 
192948, 1950-58. The  mean, -, and standard  deviation, 
s, were calculated  for  each  station, and the  results  appear 
in  table 2. The Kolmogorov-Smirnov goodness-of-fit test, 
described  by Massey [4], was usctl to provr  the  Gaussian 
fit instead of the classical chi-square  test  devised h>- Karl 
Pearson  about 60 years ago. S o t  only was t'hc  Kolmo- 
gorov-Smirnov  t,cst  easicr  to  apply  in  this  case,  but  it is 
a t  least  as  powerful [4] as  the  chi-square while its ust 
avoids  some of the inherent  weaknesses of the chi-square. 
test, [ 5 ]  which  arise from t,he arbitrary decisions necessary 
to  its  applicat'ion.  There  are, of course, still  other  tests 
for normality  available  in  addition  to  these t'wo. 

I t  seemed sufficient, to test, only one stat'ion  in each Stat(. 
for normality. For all of t'hesr  the fit' t'o the  normal was 
proved  at,  the 0.20 significance Icvel, w11ic.h is cxcollcnt. 
This  should be intcrpret8ed as mcaning  t,hat8 t,l1e data for 
none of the  tested  stations  deviated from a fit to the nor- 
mal  dist,ributiorl by as much as the very small  amount 
allowed, whereas i t  would have heen permissible for up to 
20 percent of the  st,ations to exceed this scvcrc: deviation 
limit  and  still  make  the  fit-to-normal  assumption  avccpt- 
able.  Although  it) is not  particularly  important, hcrr, one 
can  make  the  point  that  the fit is probably not, yuitc  that 
good since it, wa,s rlecessary t'o use est'imates,  i.c.,  the  table 
2 values, of the  clistribution  parameters. 'I'his Elas t'tle 

TABLE 2.--Stntion, l ist ,   means (F) and  standard  deviations ( s )  of 
ann,ual days  with, 0.01 i n c h  or more prwipi tn t ion  

117.0 
116. 0 
111.7 

80. 2 
35. 6 
66. 1 
49. 7 
ID.  6 

104. i 
96. 3 

37. 6 
85. 3 

117.9 

37. 5 
44. 8 

63.3 
57 7 
44. 7 
67. 1 

x2.3 
85. 6 

69. 8 
74. 1 

129. 2 
131). 2 

119.8 

105. 7 

119.0 
117.8 

111.6 
131. 7 
110.1 
111.1 

115. 5 
108.4 
111.5 
m . 9  

xx. n 
Y4.0 

113.8 
120.3 
!11.1 
111.4 

l l 6 .7  
1'2% 1 
125.3 

102. 9 
110.9 
94. 3 

87. 8 
76. F, 
95.3 
86.4 

134. 4 
119. 9 

119. I1 
97.8 

132.3 

126.7 
127.1 

147.3 
132. 5 
128.0 

139.5 
137.3 

164.0 
158.0 

12.30 
12.24 
12. 23 

14. x2 
9. 16 

13.84 
9. 93 
6. 60 

15.48 
16.84 

a. 41 
13.07 
16.65 
8. 94 
9.30 

11.22 
11.11 
10.86 
13.03 

13.12 

122.5 
110.1 

105.7 
108.7 
104.5 

106.5 
99. 6 

109. 2 
107.9 

100. 0 

I 50.0 

11.66 Concord ..... ~.~~ ...... ~~ 124.9 
11.59 

NEW I IAMPSII IRE:  

SEFV .JERSEY: 
Atlantic City .......... ~~ 118.9 
Sewark ..... ~~~~~~ ...... 122.6 

12.10 Trenton ..... ~.~~~~~ -.... 122.5 

10.17 
11.83 

12.59 
12. 30 
12.91 

13.43 
12.32 
14.01 
17.58 

12.49 
11.40 

129.0 
150.8 
133.1 
127. 0 
137.2 
128.6 

82. 1 
90.3 

179.5 
144.2 
100.5 
150.6 
131.0 

155.3 
124.6 
119.8 
150. 7 
124.8 

- - 

8 
" 

10.64 
11.84 

14.  68 
14.80 
13.01 

12.94 
13.09 
13.32 
14.33 
13.16 

18. 24 
10.79 
10.21 
15. 95 
14.33 

13.45 
12.55 
11.85 
12.04 
15.43 

10.77 

13. OB 

11.76 
12. 94 
11.73 

13. 81 
13.19 

12.81 
13.59 
10.99 
11.31 
12.36 
12.62 

12.26 
14.82 

12.08 
11. 58 

13. '& 
14.37 

12.61 
10.79 

11.82 
11.27 

13.3s 
13.88 
10. 44 
13.03 
11. 53 
9. 95 

14.37 
14.15 

18. s 
18.33 
13.05 
18.21 
15.83 

14.30 
12.36 
11.74 
15. 0.5 
13.76 
12. 59 

11.36 
13.18 

14.43 
11.02 

10. 82 
12.30 



TABLE 2,"Station list, means  (3 and standard  dez'iation.s (s) of 
annual d a y s  with 0.01 inch or more  precipitation -Corliinucd 

T E N S E S S E E :  
Chattanooga ............ 121.0 
Knoxville ............... 127.2 
Mcmphis ................ 104.5 
Nashville ................ 118.5 

T E X A S :  
............... 

Amarillo 
Ahilene.. 

................ 
Austin-. ................ 
Brownsville. ............ 

Dallas 
Corpus Christi .......... 

................... 
............... 

El Paso 
Del Rio.. 

Fort Worth.. ........... 
Galveston ............... 

................. 

Houston ................. 
San Bntonio ............ .I 

UTBTI: 
Salt Lake City-" ...... 

67.2 
65. 2 

84.4 
79. 6 

79.0 
60. 2 
46. 4 
78.2 
94.3 

104.7 

78. 1 

82.7 

.. 90.0 

VERMOST:  
Hurlington .............. 149.9 

/ I  
VIRGINIA: 

Lynchburp-.. ........... 124.7 

............ 118.7 
11.02 

13.26 
14.32 

13. .w 
15.30 
15.77 

15.25 

13. i7  
11.39 

11.73 

13.52 
12.72 

14.81 

Seattlp .................. 
Spokane ................. 
Tatoosh Island .......... 
Walla Walls ............. 
Yakima ................. 

WEST VIRGIXIA: j 
Blkirls ................... 

Green Hay .............. 
LaCrossc .............. 
Rladison ................ 
Milwaukec .............. I l\'ISCOXSIN: 

150. 3 
110. 1 
1Bi. 5 
1Otj. 5 
fi8. u 

168.5 

116.1 
112.x 
llti. i 
115.8 

............... 

............... 

101.4 
6 Y . i  

................ I '[I4. (' 

S 
~ 

18. Ifi 
12. 50 
13.39 

17.3i 
18.14 

17.45 
14. Hfi  
13.01 

17.31 

11.OR 
11. ti0 
11 . Mi 
9. x2 

12.87 
1 1 . M  
12. x0 

effect of reducing  further  the already narrow dcviaiiorl 
limit  although  the  magnitude of tllis effect is not' li11ow.n 141. 

3. CONSTRUCTION OF CHARTS 

Tllc st'atiorl  nleans and starltltml  tlcvitltiotls (tat)lc 2 )  
were plot'ted  on  charts  in ordcr that  tho  sr~lootl~ctl isolitlc.' 
analyses codd  be nladt: which til)p('itr here as figurcs I 
and 2 .  Xaturally,  any  analysis of this sort is sonlcwhat 
subjective, but the problem W ~ I S  111ndc rasiclr by tl10 ratllr~r 
conservat'ive  nat'urc of bot'h stnt'istirs;  i.c., t81wy do not 
vary as rapidly  with  horizontal or vc)rtic:J clistancc as do 
~~lrtrty other  climatological  clc~nents sucll 11s total  raitrfdl, 
temperature,  and  relativc  humidity, to nmle a f m - .  
Actually, little isoline smoothing W R S  rcquirctl, and that 
which was  performed uws done  with  recognition of thc. 
sampling  error  prcscnt  in t h e  ctdculnt'cd I ~ C : I I I S  :u1(1 
standard  deviations thcrnsclvcs, and with  attrlltion  to the 
111:tjor topographic  fcat'ures. Tllc latter pract'iw is f:trrrili;w 
to  climat'ologists, but tllc fonncr rrrny rcyuirc sotrrc 
explan' c~ t' lon. 

If a different record period  ?lad  bccn uscd, slightly 
different  values  would  have nppcmxl in ttlldc 2 ;  t'his 
would have been t,rue  whether stnothcr :<O-ycwr pwiod 
had been sclect'cd or whct1lc.r :L longer or short'cr pcriocl 
had  been  used. 'l'lwreforc, the  tablc 2 values arc only 
point  estimates of thc true valucs wlliclt arc always 
unknown  in  climatology. 

It became dcsirablc,  thorefore, to  obtain somo quanti- 
tat,ivc nlrasure of the possible departures of tho II1('illls, S, 
and standard  deviations, s ,  of tablc 2 from their. true 01 '  

thcoretical  countcrparts, p t m d  u, rcqmtivdy.  This wls 
donc by  constructing corlfidence intervals  within which 
the true values  must  lie a dcsired  port'ion of the  titrrt; i.c.., 
in  repeated  sampling, a predetermined  perccntugc of tlw 
several sets of intervals will contain the true means or 
standard  deviations.  This rrlctllod provided  additional 



(n - l>s"xi<u'< ( r b - ~ l ) s ~ / x ?  ( 3 )  

where n ,  s, ar1d a are as bcfore, and thc two chi-square 
values x: and x; arc 17.71 and 42.56 us sclcct'ed for thc 
0.90 probability  interval  from a ttlble of the c:hi-square 
distribution  such as [6]. After  insertion of tllc propcr 
values  and  simplification,  inequality (:I) bcconlcs 

0.83s<u<1.28~ (4) 

When necessary,  inequality (4) was used in  figure 2 in 
the  same  manner  and  for  similar reasons that irlequnlit~y 
(2) was uscd  in figurc 1. 

4. USE OF CHARTS 

A valuable  characteristic of the Gaussian  distributiotl 
is that it is defined  completely  by  it's  mcan and st'antlartl 
deviation, and it was for  this  reason  that  figures 1 arltl 2 
were constructed.  Int'erpolat'ed  values  obtained from thc 
charts  can be  used to make probability  statements con- 
cerning  t'he  annual  days wit'll 0.01 inch or more of prwipi- 
t,ation at  any  location  covered by the  charts. 

For example,  in  figures 1 and 2 refer  to  the  large "X" 
which marks the  location of (Ilemson  in ttrc northwt~stcrrl 
part of South  Carolina. Thc  rnean interpolated from 



ized picture could be at'tcmpt'cd in figures 1 arid 2 over 
t,he major  mountain areas of t8he  country. For irlstancc~, 
mean  values for Stampede Pass, Wash., and Mount' 
Washington, N.H., are  about 200 days, which is far above 
the  expectancy  shown  in  figure 1. These are extrernc 
cases, however, arid the suggested interpolatiorl  procctlurrs 
should give good accuracy over most of the country. 

5. THE SUBSTATION BIAS 

Earlier., some int,roduct#ory statcrncnt8s w;(:rc rnado 
regirding  the  bias of cooperative sttition I~C:LI'IY t o w i d  Ioiv 
values ILS colnptired to  first)-order  station 1ne:ms. This 
may be seen by exanlining figure 3 .  Brorn dat,:l furnishctl 
by the  Weather  Bureau Sttlt,e (Xrnatologist  for  Georgia, 
mea11 values  and  stmnndard  deviations for 45 substations 
were ctllculated and plotted on base maps wllich appear 
as figures 3 and 4. The isolines, however, were lilt'rcl 
direct'ly from figures 1 ~ ~ t l  2 so as to  represent 2111 nnulysis 
based entirely  on  first-order  stat,ion dtbta. Obviously, 
most substation metms sppenr t o  be too srnnll and t'llcrc 
seems to be  litt'le  uniformitmy as t'o t'hc tlcgrcc of bias. 
Furt,herrnore, t'he substation stttntli1rtl deviations : t t*c 



inspection of figure 5 reveds tllc  extreme irregultwity of 
the isolines, which the  writer regards as suspect, as wt4l 
as marly  small closed contours or "islands" of high va1ut.s. 
It t,urns  out that ~llttny, if not  most, of these isl:mls  sur- 
round a first-order  stmation,  and  plotting  t,hese  high-vduc 
islands gives a fairly good idca of the first-order  station 
network used. 

6. CAUSE O F  SUBSTATION  BIAS 

7. FURTHER WORK 

Rlthougl1  precipitation  day  statistics can be extremely 
useful in  planning  operations,  it is not  likely that the 0.01- 
inch t,hrcslrold will 1)c 21s useful as higher  thresholds, e.g., 
0.1 0, 0.25, 0..50, 1.00, etc., for  most  operations.  For 
exanlplc, if :t cont'rnct.or bids on a dirt  excavation  job, 
he wants to know how many precipitat'ion-days will be 
excccdcd in a p a r  with, say, a 75 percent  probability so 
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that he  can  calculate  the  probuhlc job duration a n t 1  the 
probable cost of idle  equipment. If i t  would t’tlke 0.25 
inch or more  to  halt, tlis operations,  then h e  shoultl h a v t 1  

available  precipitation  statistics based on t,hat t,llrcslloltl 
value. If his opcrtrt’ions were not plarlrwd to last a year, 
he  would need sirrlilnr st,atistics  based on monthly or 
seasonal data. Therefore, ~nonthly and m n u d  cllarts of 
higher threshold values are needed. 

Preliniintlry work by t’hc writer  indicat,es that thc nor- 
mal distribution  should hold for  higher  thresholds up to at, 
least 1.00 inch  for annua l  as well as monthly precipitat.ior1 
data. At some point  beyond 1.00 inch,  it seelns likcly 
that  the  threshold  occurrences,  pnrticularly  monthly, 
begin t’o fall  into  the rare event cl:m and will rcquire 
different treat8rnent’.  Invcstigntion  is  continuing on this 
point. 
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